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We examined associations of dietary patterns with colon cancer
risk in African Americans and Whites from a case-control study
in North Carolina. Incident colon cancer cases, 40 to 80 yr (n =
636), and matched controls (n = 1,042) were interviewed in per
son to elicit information on potential colon cancer risk factors.
A validated food frequency questionnaire adapted to include re
gional foods captured diet over the year prior to diagnosis (cases)
or interview date (controls). Three meaningful intake patterns
were identiﬁed in both Whites and African Americans: “WesternSouthern,” “fruit-vegetable,” and “metropolitan.” Compared to
the Western-Southern pattern, the fruit-vegetable and metropoli
tan patterns were associated with more healthful dietary behaviors
(e.g., higher vegetable intake and lower red meat consumption),
and demographic/lifestyle characteristics typically correlated with
low colon cancer risk, for example, lower BMI, higher education,
and higher NSAID use. The fruit-vegetable pattern was signiﬁ
cantly inversely associated with colon cancer risk in Whites (OR
= 0.4, 95% CI = 0.3–0.6) and the metropolitan pattern with a
nonsigniﬁcant 30% risk reduction in both Whites and African
Americans after adjustment for education. The Western-Southern
pattern was not associated with colon cancer risk. These ﬁndings
may explain some of the racial differences in colon cancer incidence

and underscore the importance of examining diet-cancer associa
tions in different population subgroups.

INTRODUCTION
Colon cancer is the third leading cause of cancer incidence
and mortality in the United States (1), and one of the most
common neoplasms in developed countries (2). The American
Cancer Society estimates that in the year 2008, 108,070 new
cases will be diagnosed, and 49,960 persons will die from colon
cancer in the United States (1). Colon cancer incidence and mor
tality vary markedly by race and ethnicity; speciﬁcally, African
Americans have the highest incidence and mortality rates among
all U.S. racial/ethnic groups. Colon and rectal cancer incidence
rates for 1999–2003 for African American males and females
were 70.2 and 53.5 per 100,000, respectively; corresponding
rates for Whites were 63.7 and 45.9 per 100,000, respectively
(3,4). In North Carolina, the patterns are similar; for the years
2000–2003, colon and rectal cancer incidence rates for Whites
were 46.1 per 100,000 (54.7 males, 39.3 females), and 55.9 per
100,000 (65.9 males, 49.5 females) for African Americans (3).
Reasons for racial/ethnic differences in colon cancer risk re
main poorly understood. Although differences in behavioral, so
cioeconomic, cultural, and health care access related issues are
likely contributors, they do not fully account for the disparities
(1,5–8). Also, the increase in colon cancer incidence in African
Americans does not seem to be attributable to higher rates of

screening and early detection (5–8). Differences in hereditary
susceptibility factors and related gene-environment interactions
are likely explanations that are currently being studied. In ad
dition, it is important to identify salient lifestyle and behavioral
factors that are potentially modiﬁable and that may decrease
colon cancer incidence in both African Americans and Whites.
Variations in colon cancer incidence with geography and mi
gration strongly implicate environmental factors and/or modiﬁ
able lifestyle habits as important determinants of colon cancer
risk (6–10). Although physical activity and tobacco smoking
are examples of such characteristics, the predominant factor
is thought to be diet. Numerous studies have shown that di
etary behavior impacts an individual’s risk of developing colon
cancer, and diet has long been regarded as the most impor
tant lifestyle risk factor for colon cancer (6–10). In fact, it has
been estimated that 12% of colon cancer is attributable to con
sumption of a Western-style diet (10). However, although there
have been many diet and colon cancer studies, the impact of
speciﬁc dietary factors on colon carcinogenesis remains unre
solved, particularly because the presumed protective effects of
fruits, vegetables, and ﬁber have been recently challenged by
well-designed prospective trials (11,12). Furthermore, associa
tions of diet with colon cancer risk have been rarely examined
in African Americans or in population-based studies with an
adequate number of African American participants.
In light of conﬂicting results from studies on nutrient or food
group intakes, there is growing interest in examining dietary pat
terns (13,14). Dietary pattern analysis reﬂects both nutrient/food
group intakes and the types of foods that tend to be consumed
together in the usual diet—a perspective that is typically lost
in analyses focusing on single dietary factors—and may there
fore provide additional insights into the diet and colon cancer
relationship in a number of ways: 1) it takes into account the
combined (and possibly synergistic) effects of foods, 2) there
are likely racial/ethnic differences in dietary patterns that may
contribute to variations in risk, 3) humans consume meals that
include a variety of foods and not individual nutrients, and 4)
patterns are more amenable to translation into dietary recom
mendations. Thus, the dietary pattern approach may be most
useful for elucidating these complex relationships and may pro
vide considerably more insight beyond the examination of indi
vidual foods and nutrients (13,14). To our knowledge, there are
no published studies of dietary patterns and colon cancer risk in
African Americans.
We have previously examined associations of total energy
and macronutrients, micronutrients, and food groups in relation
to colon cancer risk in the present study population. The objec
tives of this report are to investigate the role of dietary patterns
on colon cancer risk and to determine whether the effect of
these intake patterns differ by race in a large case-control study
in North Carolina with comparable numbers of African Ameri
can and White cases and controls. Our study contributes to the
existing body of literature by 1) describing dietary patterns by
racial group (Whites and African Americans) in a large sample

of colon cancer cases and controls and 2) presenting associations
of dietary patterns with colon cancer risk stratiﬁed by race in a
Southern population sample.
MATERIALS AND METHODS
Study Design
The North Carolina Colon Cancer Study (NCCCS) is a
population-based, case-control study of colon cancer in North
Carolina. Study participants were from 33 counties in the central
portion of North Carolina, an area that includes rural, suburban,
and urban counties with a diverse socioeconomic mix of African
Americans and Whites. The study was approved by the Institu
tional Review Board at the University of North Carolina School
of Medicine and by equivalent committees at the collaborating
hospitals.
Study Population
Cases and controls were selected using a randomized recruit
ment approach to achieve approximate frequency matching on
age, sex, and racial group and to achieve a racial group ratio opti
mized for statistical efﬁciency (15,16). African American cases
were oversampled at a ratio of approximately 3:1. Participants
were offered a $25 incentive to take part in the study.
Cases. Persons with a ﬁrst diagnosis of histologically con
ﬁrmed invasive adenocarcinoma of the colon between October
1, 1996 and September 30, 2000 were identiﬁed through the
rapid ascertainment system of the North Carolina Central Can
cer Registry (17). Other eligibility criteria included age 40 to
80 yr at the time of diagnosis, residence in the 33-county study
area in North Carolina, ability to give informed consent and
complete the interview, a North Carolina driver’s license or
identiﬁcation card if under age 65 (because controls under age
65 were sampled from driver’s license rosters), and permission
to contact from the primary physician. Interviews with eligible
and consenting patients were generally conducted within 5 mo
of surgery.
Controls. The noninstitutionalized population-based con
trols were selected from 2 sources: North Carolina Division of
Motor Vehicle records for cases under the age of 65 and from
the Center for Medicare and Medicaid Services for cases 65 yr
or older. These listings were used to randomly select potential
controls within the same 5-yr age group-deﬁned, sex-deﬁned,
and racial group-deﬁned strata. Those identiﬁed as eligible con
trols were contacted in a similar fashion to the cases to schedule
in-person interviews.
Completed interviews were obtained from 1,691 participants.
The overall study cooperation rate [interviewed/(interviewed +
refused)] was 84% for cases and 63% for controls, whereas the
response rate (interviewed/eligible) was 72% for cases and 61%
for controls. For both cases and controls, the cooperation and
response rates were slightly higher for Whites than for African
Americans (18).

Data Collection
Data were collected in person by trained nurse interviewers
at the participant’s home or, occasionally, at another convenient
location. The questionnaire collected detailed information on
several factors that might relate to colon cancer including dietary
and lifestyle factors and medical history. The referent period for
the interview was the year before diagnosis (cases) or interview
date (controls).
Dietary Intake. Diet was assessed using a modiﬁed ver
sion of a previously validated 100-item semiquantitative Block
food frequency questionnaire (FFQ) that was adapted to cap
ture regional dietary practices by adding 29 foods commonly
consumed in North Carolina such as cooked greens, black-eyed
peas, fried shellﬁsh, hushpuppies, grits, and cobblers (19). In
the present study, respondents were asked to estimate their usual
frequency of consumption of various foods and typical portion
sizes for the year prior to diagnosis (cases) or the year preceding
the interview date (controls). Each food item had 9 options for
frequency (ranging from “never or less than once per month” to
“2+ times per day”) and 3 options for portion size. The FFQ
also included adjustment questions on types of foods used in
cooking and preparation techniques and questions relating to
restaurant eating, consumption of low-fat foods, fortiﬁed bever
ages, and fats used in cooking. Food groups and nutrient intakes
were generated by an analysis program provided by the National
Cancer Institute (20).
Identiﬁcation of Dietary Patterns. Patterns of food intake
were identiﬁed by principal components analysis (PCA) using
frequency responses to the dietary questionnaire (21,22). To
explore differences in dietary patterns by race, we conducted
analyses in Whites and African Americans separately. For each
of the two racial groups, individuals were randomly placed into
one of two equally sized groups, or split samples, in order to
conﬁrm reproducibility of the principal components identiﬁed.
For the ﬁrst split sample, a matrix of correlations among fre
quency of consumption for the questionnaire food items was
constructed and entered in the PCA. Extraction of principal
components was followed by orthogonal rotation of retained
components to allow for interpretability (21,22). The number
of components to retain for rotation was based on examination
of scree plots and interpretability of the components (22). The
analysis was repeated in the second split sample to conﬁrm re
producibility of results. Cronbach’s alpha coefﬁcient (23) was
used to evaluate internal consistency for each component re
tained, with a coefﬁcient alpha of ≥0.70 generally indicating
acceptable reliability (24).
Other Participant Characteristics
Data were collected on several demographic, lifestyle, and
behavioral characteristics including age, sex, education, race,
physical activity, vitamin/mineral supplement use, smoking his
tory, use of nonsteroidal anti-inﬂammatory drugs (NSAIDs)
over the last 5 yr, and ﬁrst-degree family history of colon cancer.

Using a standardized protocol, trained staff measured height and
weight at the in-person interview. Height and weight were used
to compute body mass index as weight (in kilograms) divided
by height (in meters) squared. Body mass index (BMI) was fur
ther categorized as normal, 18.5–24.9; overweight, 25.0–29.9;
and obese, ≥30.0 (25). Participants in the underweight cate
gory with body mass indexes of less than 18.5 and those with
body mass indexes of more than 50 were not included in these
analyses (n = 36), as they comprised a very small percentage
(<2%) of the analytical sample. Physical activity was measured
in metabolic equivalent task (MET) min/day for combined oc
cupational, nonoccupational, and nonwork/weekend activities
(including duration, frequency, and intensity) using a modiﬁed
version of a validated 7-day physical activity recall (26,27).

Statistical Analysis
Descriptive statistics (raw means, SDs, and percentages)
stratiﬁed by race (White and African American) and case/control
status were used to describe the demographic/lifestyle charac
teristics and dietary intakes of study participants (Table 1). A
component score was calculated for each dietary pattern for
each individual to represent the individual’s level of intake for
the pattern (Tables 2 and 3). Scores were calculated by taking the
unweighted sum of standardized frequencies of intake for the
foods with meaningful loadings (≥0.20) for only that pattern.
To examine associations of participant characteristics with the
dietary patterns among controls (tertile 1 vs. tertile 3), frequency
and percentages were compared for categorical variables via a
χ 2 test, and least square means were computed for continuous
variables using linear regression models. Dietary variables were
adjusted for total energy intake using the residual method (28).
We calculated odds ratios (ORs) and 95% conﬁdence in
tervals (CIs) from unconditional logistic regression models to
ascertain associations of the dietary patterns (in tertiles) with
colon cancer risk. Offset terms were included in all models to
correct for randomized recruitment sampling fractions (15,16)
and allow estimation of unbiased ORs. This was necessary be
cause we conditioned recruitment on age, sex, and race in addi
tion to disease status; thus, the ORs without the offset term will
be biased compared to a traditional design in which recruitment
is conditioned on disease status alone. Cut points for tertiles of
the dietary patterns were determined based on the distributions
among controls. All participant characteristics in Table 1 (except
current BMI) were evaluated as potential confounding factors;
covariate inclusion was based on whether there was a 15% or
greater alteration in the parameter coefﬁcient of interest. Two
types of logistic regression models were run: a minimally ad
justed model with age, sex, total energy, and the offset term; and
a fully adjusted model that included the 4 variables listed above
and other variables determined to be confounders. A P value
for linear trend for each of these models was found by rerun
ning the model while including the tertile term in the model as a
continuous variable. Statistical tests were 2-sided, and P values

TABLE 1
Descriptive characteristics of participants in the North Carolina Colon Cancer Study by race and case-control statusa
Whites
Participant Characteristic
Mean (± SD) age (yr)
Female (%)
Level of education (%)
≤High school
Some college
College graduate/advanced degree
Mean (± SD) BMI (kg/m2 ) current
BMI status current (%)
18.0–24.9
25.0–29.9
≥ 30.0
Mean (± SD) BMI (kg/m2 ) 1 yr ago
BMI status 1 yr ago (%)
18.0–24.9
25.0–29.9
≥ 30.0
Smoking history (%)
Never
Former
Current
Mean (± SD) physical activity level (MET min/day)
Family history of colon cancer (%)
NSAID use over past 5 yr (%)
Never
Occasionally
Regularly
Vitamin/mineral supplement use (%)
Residence
Urban (%)
Rural (%)

African Americans

Cases
(N = 346)

Controls
(N = 610)

Cases
(N = 290)

Controls
(N = 432)

65.0 (9.7)
153 (44)

66.1 (9.4)
280 (46)

61.9 (10.3)∗∗
152 (52)

65.9 (9.7)
247 (57)

196 (57)
70 (20)
78 (23)
27.3 (5.7)

297 (49)
150 (25)
162 (27)
27.6 (5.4)

209 (72)
53 (18)
28 (10)
28.8 (6.5)

301 (70)
74 (17)
56 (13)
29.7 (7.0)

123 (36)
123 (36)
95 (28)
28.4 (5.6)∗

187 (31)
259 (43)
152 (25)
27.6 (5.2)

74 (26)
110 (39)
101 (35)
30.5 (6.7)

102 (24)
142 (33)
181 (43)
28.7 (6.4)

95 (28)
140 (42)
101 (30)

184 (31)
251 (42)
156 (26)

42 (15)
116 (42)
121 (43)

85 (21)
151 (37)
171 (42)

117 (34)∗
180 (52)
46 (13)
2,261 (563)
76 (22)∗∗

246 (40)
267 (44)
96 (16)
2,208 (501)
57 (9)

135 (47)
95 (33)
58 (20)
2,242 (591)∗
51 (18)∗∗

198 (46)
144 (33)
90 (21)
2,149 (517)
45 (10)

38 (11)∗∗
129 (38)
177 (51)
156 (45)∗∗

43 (7)
174 (29)
392 (64)
328 (55)

33 (11)∗∗
125 (43)
132 (46)
94 (33)

31 (7)
139 (32)
262 (61)
166 (39)

250 (72)
95 (28)

476 (78)
134 (22)

212 (73)
78 (27)

335 (78)
97 (22)

a

Abbreviations are as follows: BMI, body mass index; MET, metabolic equivalent task; NSAID, nonsteroidal anti-inﬂammatory drug.
P < 0.01.
∗∗
P < 0.05.
∗

less than 0.05 were considered statistically signiﬁcant. All anal
yses were performed using SAS System 9.1 (SAS Institute Inc.,
Cary, NC).

RESULTS
Table 1 gives the characteristics of study participants by
race and case-control status. The study sample included 636
cases (290 African Americans) and 1,042 controls (432 African
Americans). White cases were slightly older than African
American cases, and African American cases were more likely
to be female. Compared to Whites, African Americans were also
more likely to have less than high school education and be obese

(both currently and 1 yr ago), although the differences were not
statistically signiﬁcant. For both racial groups, there were no sta
tistically signiﬁcant differences between cases and controls by
educational level, physical activity (MET min/day), or smoking
history; however, the majority of White cases were former smok
ers (52%), whereas African American cases were more often
never smokers (47%). Although cases and controls did not differ
by current BMI, mean BMI values from the year prior to diag
nosis suggested that cases had lost weight (28.4 vs. 27.3 kg/m2
for Whites and 30.5 vs. 28.8 kg/m2 for African Americans).
Finally, cases were more likely than controls to have a family
history of colon cancer, and they were less likely to have
used NSAIDs regularly over the previous 5 yr or to have used

0.41

0.36
0.36
0.45

0.52

0.52

0.51

0.48
0.48
0.47

Fried chicken

Beef steaks

Fried ﬁsh, fried shellﬁsh
(shrimp, oysters, or
scallops) or ﬁsh sandwich
Hot dogs or franks
Meat gravies made with meat
drippings
Hamburgers, cheeseburgers

French fries and fried
potatoes
Cheese dishes without tomato
sauce like macaroni and
cheese

Beef stew or pot pie with
carrots or other vegetables
Pork roast

0.34

0.53

0.39
0.35

0.42

0.27

0.44
0.44

0.39

0.44

0.30

0.34

0.40
0.40

Sample
2b

0.57
0.53

Sample
1a

Eggs (any meal)
Sausage, including breakfast,
Italian, Polish
Pork chops or ham steaks

Food

“Western-Southern” Pattern

Strawberries, other berries (in
season)
Cottage cheese

Summer squash, zucchini

Tomatoes, tomato juice

Cantaloupe, honeydew

Milk on cereal
Watermelon (in season)

Any other fruit, including
fruit cocktail, grapes,
raisins
Oranges (not including juice)

Apples, applesauce
Peaches, apricots, nectarines
(fresh, in season)
Carrots or mixed vegetables
containing carrots
Bananas

Food

0.35

0.36

0.37

0.38

0.40

0.42
0.40

0.42

0.46

0.50

0.52

0.57
0.54

Sample
1

“Fruit-Vegetable” Pattern

0.32

0.42

0.31

0.30

0.41

0.51
0.30

0.40

0.45

0.48

0.47

0.58
0.46

Sample
2

Bagels, English mufﬁns,
hamburger or hot-dog buns

Veal or lamb
Tuna, tuna salad, tuna
casserole
Salad dressing and
mayonnaise (regular or low
fat)
Any other vegetables such as
cooked onions, okra
Other cheeses and cheese
spreads
Wine or wine coolers

Chicken or turkey (including
on sandwiches)

Tossed salad
Burritos or tacos with meat or
beans
Shellﬁsh (shrimp, crab,
lobster, not fried)
Spaghetti, lasagna, other
pasta with tomato or meat
sauce
Tortillas

Food

0.25

0.25

0.28

0.30

0.32

0.36
0.35

0.41

0.45

0.45

0.47

0.49
0.47

Sample
1

“Metropolitan” Pattern

TABLE 2
Factor loadings for foods associated with each dietary pattern in split samples of 478 Whites in the North Carolina Colon Cancer Study

0.22

0.35

0.43

0.30

0.42

0.19
0.37

0.34

0.33

0.46

0.31

0.50
0.30

Sample
2

0.24
0.33
0.28

0.24

0.31
0.26
0.25

0.25

Liver (including chicken
livers)
Ketchup, salsa, taco sauce
Butter, margarine, lard,
fatback, or other fat added
to vegetables, potatoes, etc.
Chili with beans (with or
without meat)

b

N = 478.
N = 478.

6.5
0.81

% variance
Coefﬁcient alpha

a

0.23

0.16
4.8
0.73

0.30
0.23

0.21
0.16

Doughnuts, pastry
Pumpkin, sweet potato pie,
squash pie
Pancakes

0.27

0.33

Other pies or cobblers

0.32

0.44
0.30

0.36
0.36

0.34

0.38

0.38

Corn

0.30

0.40

Beef roast (including
sandwiches)
Corn bread, corn mufﬁns,
hush puppies
Meat loaf, hamburger helper
White bread (including
French or Italian bread,
including sandwiches)

0.33
0.36

Sample
2b

0.42
0.41

Sample
1a

Bacon
Biscuits, mufﬁns (including
fast foods)

Food

“Western-Southern” Pattern

White potatoes, not fried
including boiled, baked,
mashed, and salad
Orange or grapefruit juice
Other cold cereals, such as
Corn Flakes or Cheerios
Regular soft drinks (not diet
soda)

Sweet potatoes, yams
Collards or cooked salad
greens, kale, mustard
greens, turnip greens
Cauliﬂower or Brussels
sprouts
Dark bread such as whole
wheat, rye, pumpernickel
String beans, green beans
Vegetable soups with carrots
or tomatoes such as
vegetable beef or tomato
soup
Glasses of water, not
counting in coffee or tea
Grapefruit (not including
juice)
Peaches, apricots (canned or
dried)
Prunes, or prune juice
Skim milk, 1% milk, not
including on cereal

Food

6.0
0.78

−0.28

−0.27
5.8
0.77

0.31
0.25

0.26

0.30
0.17

0.37

0.30

0.30

0.30
0.28

0.37

0.38

0.40
0.33

0.20
0.20

0.22

0.24
0.23

0.26

0.27

0.29

0.32
0.32

0.33

0.33

0.35
0.35

Sample Sample
1
2

“Fruit-Vegetable” Pattern

Liquor
Snacks like nachos with
cheese, potato skins with
topping

Food

4.3
0.65

0.22
0.26

Sample
1

“Metropolitan” Pattern

3.8
0.62

0.19
0.31

Sample
2

TABLE 2
Factor loadings for foods associated with each dietary pattern in split samples of 478 Whites in the North Carolina Colon Cancer Study (Continued)

0.47
0.42

0.25
0.40

0.43

0.35
0.23

0.42

0.48
0.45

0.44
0.44

0.42
0.42

0.39

0.38
0.37

0.37

Eggs (any meal)

Hot dogs or franks

Beef stew or pot pie with
carrots or other vegetables
Fried ﬁsh, fried shellﬁsh
(shrimp, oysters or
scallops) or ﬁsh sandwich
Meat gravies made with meat
drippings

0.32

0.39

0.47
0.33
0.45
0.46

Sample
2b

0.54
0.51
0.51
0.50

Sample
1a

Pork chops or ham steaks
Fried chicken
Hamburgers, cheeseburgers
French fries and fried
potatoes
Sausage, including breakfast,
Italian, Polish
White bread (including
French or Italian bread,
including sandwiches)
Ketchup, salsa, taco sauce
Cheese dishes without tomato
sauce like macaroni and
cheese
Meat loaf, hamburger helper

Food

“Western-Southern” Pattern

Watermelon (in season)

Other cold cereals, such as
Corn Flakes or Cheerios

Other beans such as baked,
butter, pintos, kidney, or
blackeyed peas (not
including soup)
Collards or cooked salad
greens, kale, mustard
greens, turnip greens
String beans, green beans

Cole slaw, cabbage

Prunes, prune juice
Cantaloupe, honeydew

Apples, applesauce

Green peas

Milk on cereal
Bananas
Sweet potatoes, yams
Corn

Food

0.32

0.34

0.35

0.35

0.37

0.38

0.40
0.38

0.41

0.44

0.47
0.45
0.45
0.44

Sample
1

“Fruit-Vegetable” Pattern

0.25

0.21

0.41

0.48

0.35

0.21

0.25
0.36

0.45

0.27

0.31
0.40
0.38
0.32

Sample
2

Salad dressings and
mayonnaise (regular or
low fat)

Tuna, tuna salad, tuna
casserole
Oysters, clams or mussels
(not fried)

Apple or grape juice

Shellﬁsh (shrimp, crab,
lobster, not fried)
Yogurt, frozen yogurt (regular
or low fat)

Other ﬁsh (not fried)
Alfalfa sprouts, including on
sandwiches

Broccoli
Tossed salad
Spinach (cooked or raw)
Pasta salad, other pasta
without tomato sauce
Carrots or mixed vegetables
containing carrots
Cauliﬂower or Brussels
sprouts

Food

0.32

0.33

0.35

0.35

0.35

0.40

0.44
0.40

0.47

0.47

0.55
0.50
0.50
0.49

Sample
1

“Metropolitan” Pattern

0.40

0.31

0.30

0.22

0.48

0.31

0.41
0.27

0.46

0.38

0.60
0.50
0.55
0.48

Sample
2

TABLE 3
Factor loadings for foods associated with each dietary pattern in split samples of 361 African Americans in the North Carolina Colon Cancer Study

0.46

0.35
0.34
0.32
0.30

Doughnuts, pastry

Rice, or dishes made with rice
Spaghetti, lasagna, other pasta
with tomato or meat sauce
Pork roast

b

a

N = 361.
N = 361.

Ham, bologna, salami, and
other lunch meats (regular or
made with turkey)
Liver (including chicken livers)
Beef steaks
Beef roast (including
sandwiches)
Pumpkin, sweet potato pie,
squash pie
Biscuits, mufﬁns (including
fast foods)
Cookies or cake (regular or
low fat)
Margarine on bread or rolls,
mufﬁns, cornbread, grits, etc.
Other pies or cobblers
% variance
Coefﬁcient alpha

0.20
0.33

0.36

Chocolate candy, candy bars

0.30

0.41
0.39
0.35
0.32
0.30
0.30
0.30
0.27
6.0
0.78

0.30

0.25
0.25
0.24
0.24
0.23
0.20
0.18
0.16
6.3
0.80

0.42

0.50

0.36

0.36

Bacon

Sample
2b

Sample
1a

Food

“Western-Southern” Pattern

Cooked cereals like oatmeal,
oat bran, or grits

Vegetable soups with carrots
or tomatoes such as
vegetable beef or tomato
soup
Peaches, apricots, nectarines
(fresh, in season)

Food

5.3
0.71

0.23

0.26

0.27

Sample
1

“Fruit-Vegetable” Pattern

4.1
0.66

0.21

0.21

0.40

Sample
2

Grapefruit (not including
juice)
Chili with beans (with or
without meat)

Tofu, bean curd
Decaffeinated coffee

Other soups like chicken
noodle, mushroom,
Cup-a-Soup, Ramen
Cottage cheese

Dark bread, such as whole
wheat, rye, pumpernickel

Food

5.1
0.73

0.17

0.19

0.24
0.22

0.25

0.26

0.28

Sample
1

“Metropolitan” Pattern

4.9
0.73

0.32

0.37

0.20
0.16

0.29

0.25

0.29

Sample
2

TABLE 3
Factor loadings for foods associated with each dietary pattern in split samples of 361 African Americans in the North Carolina Colon Cancer Study (Continued)

vitamin/mineral supplements during the preceding year (all P s
<0.05).
We identiﬁed three meaningful intake patterns in Whites
(Table 2) and three similar patterns in African Americans (Table
3): 1) a “Western-Southern” pattern with high loadings for red
meats, fried chicken and ﬁsh, eggs, French fries, cheese dishes,
white bread, and sweets; 2) a “fruit-vegetable” pattern with high
loadings for various fruits, vegetables, and legumes such as col
lards, green beans, and yams, and cereals; and 3) a “metropoli
tan” pattern characterized by intake of salad and seafood, as well
as, among Whites, Mexican foods, pastas, chicken, turkey, veal,
and lamb and in African Americans, cruciferous vegetables,
pasta salad, alfalfa sprouts, and yogurt.
To place these dietary patterns in context, we examined the
distributions of selected demographic, lifestyle, and behavioral
characteristics across pattern tertiles among White and African
American controls (Tables 4 and 5). As shown in Table 4, in
Whites, those with high intake of the Western-Southern pattern
were more likely to be male, to have no higher than a high school
education, and to smoke; were less likely to use vitamin/mineral
supplements; and reported higher intakes of red meat, reﬁned
carbohydrates, vegetables, energy, and total fat but lower intakes
of alcohol, fruits, ﬁber, vitamin C, folate, and calcium. Those
with high intake of the fruit-vegetable pattern were older; were
more likely to be female, to have a college degree, and to use
NSAIDs and vitamin or mineral supplements; had lower BMI;
were less likely to smoke; and had higher intake of dairy, fruits,
vegetables, ﬁber, β-carotene, vitamins C and E, folate, and cal
cium but lower intake of red meats and total fat. Finally, White
participants with high intake of the metropolitan pattern were
younger, better educated, and more physically active; were less
likely to have a family history of colon cancer; and had higher in
take of alcohol, dairy, reﬁned carbohydrates, fruits, vegetables,
energy, ﬁber, vitamin C, folate, and calcium but lower intake of
total fat. Although dietary correlates of the fruit-vegetable and
metropolitan patterns were similar with respect to their asso
ciations with higher intake of dairy, fruits, and vegetables and
lower intake of total fat, they differed in other ways. Notably, the
fruit-vegetable pattern was additionally associated with higher
intake of β-carotene and vitamin E but lower intake of red meat,
whereas the metropolitan pattern was associated with higher
intake of reﬁned carbohydrates, energy, and alcohol.
Among African Americans, correlates of high intake of the
Western-Southern pattern were generally similar to those iden
tiﬁed in Whites except that the pattern was not associated with
smoking status and was associated with higher dairy intake
(Table 5). For the fruit-vegetable pattern, African Americans
with high intake were older and less likely to smoke. Unlike
Whites, they had higher intake of all the food groups examined,
including red meat, as well as of energy, ﬁber, β-carotene, vi
tamin C, folate, and calcium; but they reported lower alcohol
consumption. Finally, only high level of education emerged as
a signiﬁcant positive demographic correlate of the metropolitan
pattern in African Americans. Dietary correlates of this pattern

were generally similar to those identiﬁed for Whites except that
alcohol intake was inversely rather than positively associated
with metropolitan pattern intake in African Americans. Also,
as in Whites, whereas the fruit-vegetable and metropolitan pat
terns in African Americans shared common dietary correlates,
including dairy, reﬁned carbohydrates, vegetables, energy, ﬁber,
β-carotene, vitamin C, folate, and calcium and an inverse corre
lation with alcohol intake, they differed in other notable ways:
The fruit-vegetable pattern in African Americans was addition
ally associated with higher intake of red meat and fruits, whereas
the metropolitan pattern was associated with higher intake of vi
tamin E and lower intake of fat.
Associations of the three dietary patterns with colon can
cer risk are given in Table 6. In Whites, whereas the WesternSouthern pattern was not associated with risk, high intake of
the fruit-vegetable dietary pattern was signiﬁcantly, inversely
associated with risk for colon cancer (third vs. ﬁrst tertile OR =
0.4, 95% CI = 0.3–0.6; trend P = 0.0001). High intake of the
metropolitan pattern was also inversely related to colon cancer
risk, although adjustment for level of education attenuated the
estimate to marginal signiﬁcance (third vs. ﬁrst tertile OR =
0.7, 95% CI = 0.5–1.0; trend P = 0.08).
In African Americans, neither the Western-Southern pattern
nor the fruit-vegetable pattern was associated with colon cancer
risk (Table 7). The metropolitan pattern was inversely related to
risk to a magnitude similar as that observed for Whites; however,
adjustment for level of education attenuated OR estimates (third
vs. ﬁrst tertile OR = 0.7, 95% CI = 0.5–1.1; trend P = 0.11).
DISCUSSION
In this study of dietary patterns and colon cancer risk in
Whites and African Americans in North Carolina, we identi
ﬁed 3 dietary patterns: Western-Southern, fruit-vegetable, and
metropolitan. Although the fruit-vegetable and metropolitan
shared many similar demographic, lifestyle, behavioral, and di
etary correlates in both racial groups, there were some note
worthy differences. Finally, only the fruit-vegetable pattern was
signiﬁcantly (inversely) associated with risk for colon cancer in
Whites after control for covariates (speciﬁcally, level of edu
cation); none of the patterns were signiﬁcantly associated with
risk in African Americans in fully adjusted models.
The food items that loaded highly on each of the 3 intake
patterns that we identiﬁed were remarkably similar overall in
Whites and African Americans, leading us to use the same pat
tern names in both racial groups despite some differences. Our
Western-Southern and fruit-vegetable patterns resemble patterns
that have often been called the “Western” and “prudent/healthy”
patterns in other studies (29–32). We also identiﬁed a dietary
pattern characterized by higher intakes of salad and seafood as
well as other food items that differed by race, which we termed
metropolitan.
Associations of participant characteristics with the dietary
patterns revealed some interesting similarities across patterns

TABLE 4
Demographic, lifestyle, and behavioral characteristics and intake of selected dietary factors for ﬁrst and third dietary pattern
tertiles in 610 White controls in the North Carolina Colon Cancer Studya
“Western-Southern” Pattern Tertiles
Characteristic

1b

3

Mean (± SD) age (yr)
66.5 (9.2)
65.3 (9.9)
Female (%)
57∗∗
36
Education (%)
≤High school
38∗∗
56
Some college
28
26
College
34
18
graduate/advanced
degree
Mean (± SD) BMI (kg/m2 )
26.9 (5.5)
27.9 (5.4)
current
Mean (± SD) BMI (kg/m2 )
27.0 (5.5)
27.7 (5.0)
1 yr ago
Smoking history (%)
Never
46∗
35
Former
42
44
Current
12
21
Mean (± SD) physical
2,212 (585)
2,205 (459)
activity level (MET
min/day)
Family history of colon
12
9
cancer (%)
NSAID use over past 5 yr (%)
Never
6
8
Occasionally
31
29
Regularly
63
64
Vitamin/mineral
63∗∗
50
supplement use (%)
Mean (± SD) consumption
Red meat (svgs per day)
0.28 (0.19)∗∗
1.07 (0.47)
Dairy
246 (204)
254 (230)
Reﬁned carbohydrates
170 (77)∗∗
276 (112)
Fruits and fruit juices (g
193 (144)∗
160 (149)
per day)
Vegetables (g per day)
219 (127)∗∗
279 (112)
Mean (SD) daily intake
Energy (kcal)
1,445 (444)∗∗
2,231 (576)
Total fat (% kcal)
32.1 (8.0)∗∗
39.2 (5.6)
Mean (SD) energy-adjusted daily intake of nutrientsc
Total fat (g)
66.2 (13.4)∗∗
75.7 (14.1)
Alcohol (kcal)
67.6 (96.3)∗∗
14.9 (105.8)
Fiber (g)
15.8 (5.2)∗∗
14.5 (4.9)
β-carotene (µg)
3,585 (2,948)
3,417 (2,212)
Vitamin C (mg)
112 (51)∗∗
96 (54)
Vitamin E (mg α-TE)
9.4 (4.4)
9.4 (3.9)
Folate (µg)
323 (96)∗∗
288 (102)
Calcium (mg)
810 (268)∗∗
724 (305)
a

“Fruit-Vegetable” Pattern Tertiles
1b

3
∗∗

62.5 (9.5)
40∗

69.5 (8.4)
53

“Metropolitan” Pattern Tertiles
1b
68.5 (7.7)
49

3
∗∗

63.1 (10.7)
42

56∗∗
23
21

38
28
34

68∗∗
18
14

29
30
42

28.1 (5.7)

27.1 (5.2)

27.4 (5.4)

27.5 (5.1)

28.1 (5.3)∗

27.0 (5.2)

27.4 (5.3)

27.4 (4.6)

32∗∗
42
26
2,276 (654)

49
45
6
2,184 (453)

43
41
16
2,139 (462)∗∗

39
46
16
2,306 (558)

9

11

13∗

7

5∗∗
35
60
44∗∗

10
20
69
67

10
29
61
49

7
33
60
59

0.76 (0.47)∗∗
177 (177)∗∗
209 (91)
87 (78)∗

0.59 (0.48)
312 (239)
219 (102)
257 (160)

0.64 (0.44)
214 (206)∗∗
185 (89)∗∗
147 (132)∗

0.69 (0.52)
290 (244)
252 (117)
184 (132)

183 (96)∗∗

298 (126)

197 (108)∗∗

290 (119)

1,820 (631)
39.4 (7.0)∗∗

1,827 (578)
33.2 (7.6)

1,586 (545)∗∗
37.2 (7.6)

2,058 (628)
35.8 (7.6)

77.1 (13.2)∗∗
43.6 (111.4)
11.6 (3.3)∗∗
2,196 (1,438)∗∗
70 (34)∗∗
8.8 (4.0)∗
246 (85)∗∗
658 (239)∗∗

66.2 (14.4)
30.6 (92.1)
18.3 (5.0)
4,765 (2,906)
132 (55)
9.6 (3.3)
346 (90)
871 (302)

74.6 (13.1)∗∗
16.6 (55.7)∗∗
13.7 (4.6)∗∗
3,444 (2,404)
92 (49)∗∗
9.1 (3.5)
278 (96)∗∗
714 (270)∗∗

69.6 (16.0)
62.0 (120.3)
16.1 (5.4)
3,550 (2,831)
110 (48)
9.4 (3.0)
311 (90)
834 (316)

Abbreviations are as follows: BMI, body mass index; MET, metabolic equivalent task; NSAID, nonsteroidal anti-inﬂammatory drug; TE,
tocopherol equivalents.
b
Two asterisks (∗∗ ) means the P value comparing tertiles 1 and 3 is < 0.01. One asterisk (*) means the P value comparing tertiles 1 and 3 is
<0.05.
c
Calculated as residual from model with both cases and controls plus mean unadjusted value for controls. Because the numbers are energy
adjusted, it is possible for the numbers to be negative; however, the P value for the comparisons are still valid.

TABLE 5
Demographic, lifestyle, and behavioral characteristics and intake of selected dietary factors for ﬁrst and third dietary pattern
tertiles in 610 African American controls in the North Carolina Colon Cancera
“Western-Southern” Pattern Tertiles
Characteristic

1b

3

Mean (± SD) age (yr)
66.7 (9.6)
65.4 (10.3)
46
Female (%)
69∗∗
Education (%)
76
≤High school
62∗∗
Some college
18
17
College graduate/adv
20
7
degree
29.7 (5.7)
29.6 (8.2)
Mean (± SD) BMI (kg/m2 )
current
Mean (± SD) BMI (kg/m2 )
29.3 (4.9)
29.6 (7.5)
1 yr ago
Smoking history (%)
Never
47
43
Former
35
36
Current
17
20
Mean (± SD) physical activity
2,123 (462)
2,230 (610)
level (MET min/day)
Family history of colon cancer
12
9
(%)
NSAID use over past 5 yr (%)
8
Never
6∗
Occasionally
27
39
Regularly
67
53
31
Vitamin/mineral supplement
47∗∗
use (%)
Mean (± SD) consumption
1.38 (0.60)
0.39 (0.29)∗∗
Red meat (svgs per day)
182 (162)
Dairy
126 (152)∗∗
305 (118)
Reﬁned carbohydrates
171 (89)∗∗
Fruits and fruit juices
184 (121)
158 (116)
(g per day)
Vegetables (g per day)
167 (89)∗∗
226 (123)
Mean (SD) daily intake
2,329 (648)
Energy (kcal)
1,251 (392)∗∗
40.6 (5.4)
Total fat (% kcal)
35.3 (7.5)∗∗
Mean (SD) energy-adjusted daily intake of nutrientsc
Total fat (g)
72.2 (11.1)∗∗
78.9 (15.0)
−6.4 (100.3)
Alcohol (kcal)
33.5 (41.2)∗∗
12.7 (44.6)
Fiber (g)
14.6 (4.6)∗∗
β-carotene (µg)
4,377 (2,682)
4,285 (3,008)
86 (46)
Vitamin C (mg)
107 (47)∗∗
Vitamin E (mg α-TE)
9.4 (3.7)
8.8 (3.7)
249 (93)
Folate (µg)
284 (86)∗∗
588 (228)
Calcium (mg)
641 (206)∗
a

“Fruit-Vegetable” Pattern Tertiles
1b

“Metropolitan” Pattern Tertiles

3

1b

3

68.2 (8.8)
64

66.4 (9.6)
55

64.0 (10.0)
66

65
19
16

71
13
15

83∗∗
10
6

55
25
20

29.7 (7.7)

29.6 (6.7)

30.1 (7.2)

30.2 (8.0)

29.2 (6.8)

29.8 (6.4)

29.9 (6.5)

30.2 (7.4)

36∗∗
31
33
2,138 (480)

57
33
10
2,154 (549)

44
30
26
2,104 (501)

44
38
17
2,164 (548)

10

12

12

11

6
35
59
34

10
31
59
43

6
40
55
35

6
30
64
43

0.75 (0.50)∗∗
98 (140)∗∗
193 (106)∗∗
123 (113)∗∗

0.96 (0.69)
189 (143)
261 (123)
211 (122)

0.82 (0.62)
118 (140)∗∗
186 (101)∗∗
136 (111)

0.82 (0.57)
180 (164)
252 (112)
209 (129)

139 (78)∗∗

243 (123)

138 (79)∗∗

238 (112)

1,577 (675)∗∗
38.8 (6.8)

1,889 (664)
38.0 (6.2)

1,549 (675)∗∗
39.4 (6.9)∗∗

1,897 (660)
36.7 (6.4)

76.7 (13.5)
36.5 (10.3.4)∗∗
11.2 (3.1)∗∗
2,851 (1,580)∗∗
78 (41)∗∗
8.9 (4.9)
227 (86)∗∗
537 (218)∗∗

75.3 (12.8)
−2.0 (50.7)
16.1 (5.0)
5,567 (3,185)
111 (47)
9.7 (4.5)
292 (95)
686 (200)

78.6 (13.0)∗∗
30.3 (98.0)∗∗
11.1 (3.1)∗∗
3,449 (2,649)∗∗
77 (39)∗∗
8.1 (3.6)∗∗
224 (74)∗∗
559 (205)∗∗

72.0 (13.5)
3.3 (56.5)
16.0 (5.0)
4,675 (2,758)
119 (49)
10.1 (4.8)
305 (98)
670 (216)

63.8 (10.3)
53

∗∗

Abbreviations are as follows: BMI, body mass index; MET, metabolic equivalent task; NSAID, nonsteroidal anti-inﬂammatory drug; TE,
tocopherol equivalents.
b
Two asterisks (∗∗ ) means the P value comparing tertiles 1 and 3 is < 0.01. One asterisk (*) means the P value comparing tertiles 1 and 3 is
<0.05.
c
Calculated as residual from model with both cases and controls plus mean unadjusted value for controls. Because the num
bers are energy adjusted, it is possible for the numbers to be negative; however, the P value for the comparisons are still
valid.

TABLE 6
Adjusted odds ratio (OR) estimates and 95% conﬁdence intervals (CIs) by dietary pattern intake for 956 Whites in the North
Carolina Colon Cancer Study
Minimal Modela
Dietary Pattern
“Western-Southern” pattern
Tertile 1
Tertile 2
Tertile 3
P for trendc
“Fruit-vegetable” pattern
Tertile 1
Tertile 2
Tertile 3
P for trendc
“Metropolitan” pattern
Tertile 1
Tertile 2
Tertile 3
P for trendc

Full Modelb

No. Cases/No. Controls

OR

95% CI

OR

95% CI

90/204
105/203
151/203

1.0 (Ref)
1.0
1.2
0.39

0.7–1.5
0.8–1.8

1.0 (Ref)
1.0
1.1
0.61

0.7–1.4
0.7–1.7

155/204
116/203
75/203

1.0 (Ref)
0.7
0.4
0.0001

0.5–1.0
0.3–0.6

1.0 (Ref)
0.7
0.4
0.0001

0.5–1.0
0.3–0.6

127/204
109/203
110/203

1.0 (Ref)
0.8
0.6
0.009

0.5–1.1
0.4–0.9

1.0 (Ref)
0.8
0.7
0.05

0.6–1.1
0.5–1.0

a

Models adjusted for age, sex, total energy intake, and offset term. Abbreviation is as follows: Ref, reference.
Models adjusted for preceding variables and education, ﬁrst-degree family history of colon cancer, physical activity, vitamin/mineral use,
and body mass index 1 yr ago for Pattern 1, none for Pattern 2, and education for Pattern 3.
c
P value for trend was obtained for each pattern by including the tertile variable in the model as a continuous term.
b

TABLE 7
Adjusted odds ratio (OR) estimates and 95% conﬁdence intervals (CIs) by dietary pattern intake for 722 African Americans in
the North Carolina Colon Cancer Study
Minimal Modela
Dietary pattern
“Western-Southern” pattern
Tertile 1
Tertile 2
Tertile 3
P for trendc
“Fruit-vegetable” pattern
Tertile 1
Tertile 2
Tertile 3
P for trendc
“Metropolitan” pattern
Tertile 1
Tertile 2
Tertile 3
P for trendc
a

Full Modelb

No. Cases/No. Controls

OR

95% CI

OR

95% CI

73/144
92/145
125/143

1.0 (Ref)
1.1
1.1
0.78

0.7–1.7
0.6–1.8

1.0 (Ref)
1.0
0.9
0.67

0.6–1.6
0.5–1.5

86/144
117/145
87/143

1.0 (Ref)
1.5
1.1
0.78

1.1–2.3
0.7–1.6

1.0 (Ref)
1.5
1.1
0.78

1.1–2.3
0.7–1.6

105/144
102/145
83/143

1.0 (Ref)
0.9
0.6
0.03

0.6–1.3
0.4–1.0

1.0 (Ref)
0.9
0.7
0.10

0.6–1.4
0.5–1.1

Models adjusted for age, sex, total energy intake, and offset term. Abbreviation is as follows: Ref, reference.
Models adjusted for preceding variables and education, ﬁrst-degree family history of colon cancer, physical activity, vitamin/mineral use,
and BMI 1 yr ago for Pattern 1, none for Pattern 2, and education for Pattern 3.
c
P value for trend was obtained for each pattern by including the tertile variable in the model as a continuous term.
b

and differences by race. Demographic correlates of the fruitvegetable and metropolitan patterns were generally similar for
both Whites and African Americans and were factors that are
typically associated with lower cancer risk such as higher educa
tion, high physical activity, higher vitamin/mineral supplement
and NSAID use, lower BMI, and low smoking. In both Whites
and African Americans, however, whereas the fruit-vegetable
pattern was associated with older age, the metropolitan pattern
was associated with younger age. The dietary factors associated
with the two patterns also differed somewhat. Among Whites,
the metropolitan pattern was, unlike the fruit-vegetable pattern,
additionally associated with higher intake of reﬁned carbohy
drates, total energy, and alcohol, likely because of its inclusion
of carbohydrate-rich foods such as Mexican dishes and pasta.
Among African Americans, whereas the fruit-vegetable pattern
was associated with higher intake of red meat, the metropolitan
pattern correlated with lower fat consumption. The WesternSouthern pattern was the least healthy of the dietary patterns,
both with regards to its constituent foods (e.g., fried chicken, red
meats, French fries, sweets, etc.) and its demographic, lifestyle,
and dietary correlates including lower education, higher smok
ing, low use of vitamin/mineral supplements; higher intakes of
total energy, red meat, reﬁned carbohydrates; and lower con
sumption of vitamin C, folate, and calcium.
It is worth noting that African Americans reported higher
intakes of most food groups and nutrients, except alcohol, even
among those in the healthier dietary patterns. Also, although
Whites and African Americans shared common dietary corre
lates for the fruit-vegetable and metropolitan patterns such as
dairy, reﬁned carbohydrates, vegetables, vitamin C, and calcium,
African Americans in the fruit-vegetable pattern reported higher
intakes of red meat and fruits, whereas those in the metropolitan
pattern consumed less fat and more vitamin E. Although energy
intakes for Whites and African Americans in this study sample
were comparable (18), in several other reports of both persons
with cancer and disease-free individuals, African Americans
have generally been found to have higher total energy intakes
compared to their White counterparts (33,34). Also, similar to
our ﬁndings, other studies have reported lower alcohol (33–35)
and higher red meat consumption (33,34,36) in African Ameri
cans compared to Whites.
Previous studies on dietary patterns and colon cancer have
generally reported that the Western pattern is associated with
statistically signiﬁcant elevated risk, whereas ﬁndings for a pru
dent pattern have been less consistent (29–32,37,38). In our
sample, it is rather surprising that the Western-Southern pattern
was not signiﬁcantly associated with risk for colon cancer given
that it includes dietary factors such as high total energy, high fat,
and red meat that have been implicated in elevated colon cancer
risk (6,7,10,39) including in this study sample (18). Nonethe
less, we note that in our sample, persons who scored high on
this pattern had other behaviors that are associated with lower
risk including high vegetable consumption (Whites) and non
smoking (African Americans). In contrast to other studies that

have identiﬁed a prudent or “healthy” dietary pattern (29–32),
our fruit-vegetable pattern was robustly signiﬁcantly associated
with lower risk in Whites (OR = 0.4, 95% CI = 0.3–0.6); how
ever, there was no association in African Americans. The result
for Whites is not unexpected, as several investigations, including
the present study (39), have found that high vegetable consump
tion correlates with reduced risk for colon cancer including one
using principal components-based patterns (30). It is unclear
why this intake pattern was not associated with reduced risk in
African Americans in our sample; possibly the fact that African
Americans who were represented in this pattern were older and
had higher intakes of other dietary risk factors, such as red meat
and total energy, moderated the possible beneﬁt of the fruits,
vegetables, and legumes. Associations of the metropolitan pat
tern with colon cancer risk were similar in both Whites and
African Americans, although the 30% risk reduction was no
longer statistically signiﬁcant after adjustment for educational
level.
We note that these ﬁndings are of importance because they
indicate that dietary patterns that are apparently similar across
populations might have differential associations with disease
(e.g., colon cancer) because of differences in context. For ex
ample, whereas the fruit-vegetable pattern was associated with
reduced risk in Whites, it was not protective in African Amer
icans, possibly because of its association with higher red meat
intake in that subgroup. Similarly, whereas previous studies have
reported elevated colon cancer risk with a Western pattern, we
found no such increased risk for the Western-Southern pattern in
the present analyses, suggesting that in the South, perhaps dele
terious effects of a Western diet may be countered by aspects
of a Southern diet (such as higher vegetable intake). Overall,
the results reported here point to a need to describe contextspeciﬁc factors that may produce variability in the effects of
apparently similar dietary patterns in different population sub
groups. Such future efforts would improve our understanding
of the effects of different socially determined eating habits,
help explain inconsistencies observed across studies, and lead
to more relevant public health messages that take context into
consideration.
The strengths of our study include its population-based study
design, relatively large size, the use of rapid case ascertainment,
and the fact that data were collected with a detailed intervieweradministered questionnaire, which permitted the collection of
comprehensive information on diet and other colon cancer risk
factors, thereby reducing the potential for misclassiﬁcation (40).
Most notably, to our knowledge, it is the ﬁrst study of dietary
patterns and colon cancer risk in African Americans and the
ﬁrst to explore these associations in a relatively large sample of
both Whites and African Americans. Importantly, our ﬁndings
of racial differences in the 1) foods that constitute each pattern;
2) demographic, lifestyle, behavioral, and dietary correlates of
the intake patterns; and 3) associations with colon cancer risk
highlight the importance of examining these issues separately
in different population subgroups.

We also acknowledge some limitations. First, as with other
case-control studies, there is the possibility of selection and re
call bias. Speciﬁcally, selection bias is a concern due to the lower
participation rates of controls, and differential recall between
cases and controls is a possibility because exposure informa
tion was collected after diagnosis of the disease; in particular,
cases may recall dietary exposures differently from controls be
cause of the presence of their illness and/or symptoms (40).
Nonetheless, we made every effort to reduce bias; for example,
we limited most of our exposure information to 1 yr prior to di
agnosis for cases or the year prior to the interview for controls,
and exposure information was collected as soon as possible after
diagnosis. Our response rates were also comparable to previous
population-based case control studies (41–43). Second, FFQs
are prone to measurement error and bias (44–47); however,
replication across split samples and high coefﬁcient values for
Cronbach’s alpha indicate good reproducibility and internal reli
ability for the patterns identiﬁed. Third, the 1-yr referent period
on which exposure data (including dietary intake) were based
would not be appropriate to correctly determine associations
if remote diet (i.e., 5–10 yr) has a stronger inﬂuence on colon
cancer risk. Fourth, the fact that there are 6 potential endpoints
(3 dietary patterns and 2 racial groups) increases the likelihood
of a positive ﬁnding. Finally, although we controlled for a wide
range of potential confounding factors, the possibility for resid
ual confounding remains. Prospective investigations are needed
to obviate these limitations.
In conclusion, in this study of dietary patterns and colon can
cer risk in Whites and African Americans in North Carolina, we
identiﬁed 3 meaningful intake patterns. Only the fruit-vegetable
pattern was inversely associated with colon cancer risk in Whites
but not in African Americans. The metropolitan pattern corre
lated with a nonsigniﬁcant 30% reduction in risk in both racial
groups after control for education, but there were no associa
tions of the Western-Southern pattern with colon cancer risk.
The ﬁndings from this study may provide an explanation for
some of the racial differences in colon cancer incidence and
underscore the value of examining diet and cancer associations
in different population subgroups.
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